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Estimation of Leaf Area Index of Soybean Breeding Materials
Based on UAYV Digital Images

LI Changchun' NIU Qinglin'®>  YANG Guijun®® FENG Haikuan®’ LIU Jiangang’® WANG Yanjie'’
(1. School of Surveying and Land Information Engineering, Henan Polytechnic University, Jiaozuo 454000, China
2. Key Laboratory of Quantitative Remote Sensing in Agriculture, Ministry of Agriculture, Beijing 100097, China
3. National Engineering Research Center for Information Technology in Agriculture, Beijing 100097, China)

Abstract: Soybean is an important source of protein and fat. The increase of soybean yield is playing a
significant role in guaranteeing food security and satisfying market demanding. Therefore, rapid screening
of soybean varieties with high yield and quality is of great significance to increase the total output of
soybean. Leaf area index (LAI), which refers to the gross one-sided leaf area per surface area, is one of
the critical phenotypic parameters to characterize crop canopy structure, and it has an important
significance to evaluate crop photosynthesis, growth and predict yield. A rapid, non-destructive and
efficient estimation of soybean LAI can assist the screening of high-yield varieties. Currently, lots of
soybean breeding material plots is one the difficulties in soybean breeding, but traditional manual
investigation method is time-consuming, inefficient job with certain degree of subjectivity. Unmanned
aerial vehicle (UAV ) remote sensing technology has become a research focus on precision agriculture
application. It features the advantages of easy construction, low operation and maintenance cost and
flexible mobility, and has been used to realize rapid, non-destructive, spatial continuous crop growth

monitoring and crop yield estimation. Researches based on low-cost UAV high spatial resolution digital
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images to estimate crop phenotypic parameters mainly focused on the crop cultivation and management
sector. However, there are few researches on crop breeding. The high spatial resolution digital images of
the Shengfeng academician workstation of soybean breeding experiment located in Jiaxiang County, Jining
City, Shandong Province, China from July to September in 2016 were acquired using a low-cost UAV
digital camera system. The obtained UAV data contained the high spatial resolution images of growth
periods of R1 —R2, R3 and R5 —R6. At the same time, the average LAI values of 900 breeding plots on
the ground were obtained. Firstly, the digital orthophoto map ( DOM) was generated. The generated
DOM was calibrated using the image values of black and white calibration tarps in the DOM image and a
total of eighteen calibrated variables of R, G, B, MGRVI, RGBVI, GLA, ExG, WI, ExGR, CIVE,
VARI, G/R, G/B, R/B, R/ (R+G+B), G/(R+G+B) and B/(R + G + B) were calculated based
on existing research. Secondly, 70% of the total data pairs of the eighteen variables and corresponding
ground-measured data were used to build models, including the unary linear regression, stepwise
regression, total subset regression, partial least squares regression, support vector machine regression and
random forest regression, while the remaining data pairs were used for model validation. Finally, the
optimal prediction model for LAI was selected by comprehensively considering the determination
coefficient (R*) , root mean square error (RMSE) and normalized root mean square error (nRMSE) of
model building and validating. The results showed that the total subset regression, which included four
variables of B, RGBVI, GLA and B/(R + G + B), was the optimal estimation model of LAI. The R,
RMSE and nRMSE of model building and validation were 0.69, 0.99, 17.90% and 0.68, 1.00,
18.10% , respectively. The spatial distribution map of LAl of soybean breeding materials area was
generated. Compared with ground-measured values and DOM derived from digital camera images, the
distribution map could well reflect the growth status of soybean breeding materials. The results showed
that high spatial resolution digital images of soybean breeding materials could be obtained quickly using
UAYV remote sensing technology. After that, the qualitative and quantitative analysis can be carried out to
monitor the status of soybean breeding materials in the study area. In general, the UAV remote sensing
technology with digital camera was feasible in predicting the LAI of soybean breeding materials, and it
can serve as a rapid, effective and non-destructive way for LAI estimation in large-scale soybean breeding
area.

Key words: soybean breeding materials; leaf area index; calibration; unmanned aerial vehicle; digital

images; total subsets regression
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Fig.1 Test plots of soybean breeding materials

LAT fJl & . LAT —2200C B AH ) 56 )22 4 A A ]
IR OGRS (2 AL ET ST 148°, K 7 R B
U HE 360°) S AEY )= b T S A R3S SOt
2k, M A BOE J2 1Y 48 5 e B B LT3R LAT T )= 45
28, LAT I, S i 5 Ok BH O 1 565, 78 T %
K BHE J5 18] b, e f% 180°, B AL # ) K FH G —M, 56
I —A> K255, RO T A R O R S 7 b A AR B
AL E D 4 A4S H AR, 16 LA R 5K K, B 34
REZFFAEVNX A2 LAL{E . 3 A4 7 303
2695 AR ELH RN LAL A B (LAT fe RAH
9.61 ,LAI 5% /M 0. 68, LAT SE-#{# 5. 53, LAI 47 1
26 177, LATZE 5 R %00.32) , Moy 2880 K, R T —
AR AR, 32 202 th R Rt B 5 1 4 1
JIr R E 1Y

AR L 3 6 AL (FLE K 386 mm, ML 5
R 4.2 ke, YU 6 kg, SN [E] 15 ~20 min) $5
LSRR AR IR 6 TR TN G S = VR VA ST ARAN
% 5t (Position and orientation system, POS) 5} B
KA R B I 2% SR O B R AR B v B A
PLEIS #Z JE Cyber — shot DSC — QX100, H 3% %
Bl B 179 g, RSP 62.5 mm x 62.5 mm x
55.5 mm;2 090 J7 1% 28 CMOS £ /8 4% ; A2 /E 10 mm
2 fBFAdE) o A6 H i Bodls R S if (10:00—14:00) ,
[F] 25 4R BTG AL e 1 B 5215 . SRR BT, K F
RS R E , REW ML =, T AL AT &
100 m , 3RA5 95 AR 25 0] 73 BE AR 0,023 m, 7RI
To AL e 1 RO 32 AR, AR AT DX P9 A b 1 R
FA T80 52 5% DN (HRIARE , FERARAHPLAY R 52



150 & A Bl B ¥ i

2017 4

W,

& B Agisoft PhotoScan %K {4 # 47 TC A ML & i 4%

AR PR AL B, F BORS E18 5 1 ER POS $L
ﬁ%ﬁﬁlﬂﬁﬂ FIHI POS %4l 5 X% B A K 52 1%, ik
TR G B FBRHRRAE 2 SR 3RS T I, 159 200 Ak 1
VLA E SO A MK E MM B SS = T
AL B AR BLAL B S BN AR A B I A7 R S J Rk R
BERSMERGETARNBEERS  HERCH
TP R 3D 2 08 A%, BV K S & A b kL E
J2 A TE TUART 45 4 1) A B B 4 A TR S B Rl b R
50 DX 5 S22 E A 1%
1.3 HEIEE

3/\$ﬁﬂ§ﬁlﬁﬁﬁ¢ﬁﬁﬁﬂﬁﬁf AR TR A A
M s Bl an 18l 2 fros, e DN, AR A=
WS IE S5 B b B B AT DN A ge it 45 T L
A AR AR B AR IO S AR I i RO A 2
AN—HFEH . T I APUES 2GR B K S/ At
B 2 R RO 2 1 S5 BORR 22 5 B A, e
HEATHE H— b i b, S AR 22 1 07 2, BB AE U
R 5t b i AR Tl 1R 22, Rt , Ry 1 i RS iR 22 Ml
KO AP R S8R 25 W5, BT B A 1 DN B, X
JIT AR IO R ELH Rl b B iR T IR S 2R 9 DN fH R AT
H— b3, H—AL 5/ B A DN fEINER 1 iR,
M DN AEIH— AL B 45 5K v] LA, H —fk 5 FL A6 Y
DN B F 1, MR A i DN E 838 F 0, b H—
fBJ5 B A 1 DN Bl 25 1 19 48 X (B Je K 0. 998
19, 4 — A4 J5 SR A 19 DN {E fiw 12 O 14 28 X (B fie K1Y

-0.008 66,

(&) 7H27H

2 brE B RAR DN AH B A
Fig.2 Black and white cloth of calibrating digital

(b) 8 18H ©)9H9H

image DN values

I — {1k b B S 1 TE N HIL & T 0RY IE 9 AR
Hh, B IUREAS SE N /N DXOR S RO RLE 2 1Y £ R
W 3E T 1R 0 — AL S 1973 DN, 15 31 3 284
TESH L1 (R) (& (G) s (B) ¥l i /N X -1 DN
i 86 506 IE(G/R) (Bt 5 HOLIE(G/B)
ML S5 W (R/B)3AN AR A% S8 41

®1 AEAEEHFAKBMWELR DN ERA—UIRE
MENER
Tab.1 Results obtained before and after normalization

of black and white DN values in different growth stages

B di 2 2 K BiiIRI:S AN
B 7H27TH 8HI8SH 9H9H
AN 244.2 246.3 251.0
SRS 249. 4 249.0 252.0
. ® 250. 4 248.5 253.2
itk DN N 50.3 54.6 64. 4
B & 69.6 70.2 70.5
W 77.6 72.6 71.7
2 0.99969  0.99978  0.99826
M4 4 0.99971  0.99942  0.998 19
W 0.99997  1.00001  0.99890
JH—14k )5 DN {1
41 -0.00242 -0.00866 0.000 50
MAF 4t -0.00209 0.00049  0.00213

W -0.00098 -0.00174 0.00147

JEAREALIE (R/(R + G + B)) &Rt b ELAE (67
(R+G+B)) MR MERIE(B/(R+G+B))3 4>
A ILEHRMEAL (R o A B AN WT T 25 2R S LAT FIAH B
b’;’?ﬂ(Zl‘EﬂE’J%%,‘f’ﬁ% 9 AR LG AE i A, 3t 18
MRS BAER(R2),
1.4 F7ix

T G O B R AR S LAT AT A o6
PES T, 44 3 5 LAT A 5GP i i K 2 A8 8 & 1
3T — etk [0 5 23 A 2 28 [l 20 A 42 4R
105 43 BT A fie /s — 3 81 U5 43 B S ] AL 0] 05 43
Hr MRE AL AR AR [ )5 0 A 53k, BEPLE £ 70% M AE A
BARAE Sy @ AR A A LAT AR5, R IR 2
LR 30% FEAS B A5 g B UE B 4, £ 4T LAL
il R I R T VA

— JLER A [ JH 73 B 2 2 T RO R AR 5 LAL
AR S 20 BT 45 SR, e 58 A0 O P 650 i ) R AR 78 i i
7 LAT A AEAL iy 57 3 iﬁ@ﬂﬁj‘*ﬁfﬁﬁﬁ?{m
A 18 S I, AR 2 — YRS I s B — A~ A L A
— i p AR PE R AN, Xﬂ‘%%”/ﬁﬁ THK A
PR ERE 2 O B, TIUI S T RE S WA I BR 4 )L
W, BB BN e AR R 1k 44 | H 23 A 2 4
Ui 36 P AT AT RE AL B A R EAT LR R Sy, Hep
I FH P4 45 bR 2 PR 8 R, 5 R (500 25 B f% R i
IO AR YRR ) 2B, (HL L TR s B RO
M AE R H R E N RS S EGE A S R
AT RE S TR B IR AR A S M5 B T RO R AL T
O E RN G AR £ B R HE N ( Akaike
information criterion, AIC) 2% [& T 8 B f) 55 11U & )&
DA B ISR A0, 5 1 A2 i B H , ATC (B8 /) Y 465 30 575 G
JoVEFE, B RVIBR HI A (A8 AR T 2 68 1 4



5 8 1)

ERAF T I AYLLD R 50 I Alobs R T AR Kk 151

x2 ELAIEXHYBELEEE
Tab.2 Digital image variables related to LAI
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Fig.3 Local high spatial resolution digital orthophoto maps of soybean breeding materials
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Fig.4 Results of Pearson correlation coefficient analysis between digital image variables and LAI
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Tab.3 Results of unary linear regression analysis between digital variables and LAI

B 515 7 5] 19 77 AIC R? RMSE nRMSE/ %
B y=12.15x +4. 19 5892.21 0.58 1. 15 20. 86
RGBVI1 y=-7.27x +12. 10 5599.09 0. 64 1.07 19. 30
GLA y= -8.39x +10. 12 5 840.93 0.59 1. 14 20. 58
WI y=1.83x+7.54 5911.80 0.57 1.16 20.97
G/(R+G+B) y=—-11.88x +13.11 5 898. 00 0.57 1. 15 20. 89
B/(R+G+B) y =6.38x +4.48 5921.85 0.57 1.16 21.02
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Tab.4 Results of stepwise regression analysis between digital image variables and LAI
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Fig.5 Results of total subsets regression analysis
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Tab.5 Evaluation index results of total subsets regression model

B 78 A~ BB AIC H Il 5 22 B i R? RMSE  nRMSE/%
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Fig.6 Results of partial least squares regression model
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Fig.9 Spatial distribution maps of estimated LAI of soybean breeding materials
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